Estrogen has been demonstrated to protect the heart against cardiac remodelling and heart failure in women. G protein-coupled estrogen receptor 1 (GPER1) is a recently discovered estrogen receptor (ER) that is expressed in various tissues. However, the mechanisms by which estrogen protects the heart, especially the roles played by ERs, are not clear. In this study, we explored the effect of GPER1 activation on angiotensin II (Ang II)-induced cardiomyocyte hypertrophy and the involved signalling pathways and mechanisms. Our data demonstrated that GPER1 is expressed in cardiomyocytes, a GPER1 agonist, G1, attenuated Ang II-induced cardiomyocyte hypertrophy and downregulated the mRNA expression levels of atrial natriuretic factor (ANF) and brain natriuretic peptide (BNP). Bioinformatics analysis revealed that five proteins, including RAP1gap, might be the key proteins involved in the attenuation of Ang II-induced cardiomyocyte hypertrophy by GPER1. G1 increased the protein level of p-Akt, p-70S6K1 and p-mTOR but decreased p-4EBP1 expression. All these effects were inhibited by either G15 (a GPER1 antagonist) or MK2206 (an inhibitor of Akt). Autophagy analysis showed that the LC3II/LC3I ratio was increased in Ang II-treated cells, and the increase was inhibited by G1 treatment. The effect of G1 on autophagy was blocked by treatment with G15, rapamycin, and MK2206. These results suggest that GPER1 activation attenuates Ang II-induced cardiomyocyte hypertrophy by upregulating the PI3K-Akt-mTOR signalling pathway and inhibiting autophagy.
Introduction
The incidence of cardiac hypertrophy and heart failure is significantly increased in postmenopausal women compared with age-matched men and premenopausal women. A number of clinical and preclinical studies have shown that estrogen, as a sex hormone, might protect the heart against cardiac remodelling and heart failure in premenopausal women [1, 2] . The loss of endogenous estrogen has been believed to be a key factor that induces cardiovascular diseases in postmenopausal women. However, the cardioprotective effects of estrogen therapy in clinical trials are controversial [3, 4] . It is
Ivyspring
International Publisher critical in this field to further determine the mechanisms by which estrogen protects the heart in premenopausal women, especially the roles of individual estrogen receptors (ERs), including ERα, ERβ, and G protein-coupled estrogen receptor 1 (GPER1) in the heart, in order to generate more specific and effective hormone therapies for future clinical treatment.
GPER1, also known as G protein-coupled receptor 30 (GPR30) , is a recently discovered estrogen receptor that is expressed in various tissues, including the cardiac tissue of humans and rodents. The activation of GPER1 by its specific agonist, G1, protects the heart from all types of stress, such as myocardial infarction and pressure overload, while GPER1 knockout impairs the structure and function of the heart in animal models [5] . Compared with the classical estrogen receptors ERα and ERβ, which relatively slowly regulate gene transcription [6] , GPER1 mainly acts through fast transduction mechanisms involving non-genomic estrogen signalling, such as cellular calcium mobilization, kinase activation and nitric oxide production [7] . In this study, we found that the PI3K-Akt-mTOR signalling pathway and autophagy in cardiomyocytes are regulated by GPER1 in an angiotensin II (Ang II)-induced cardiomyocyte hypertrophy model. The results from tandem mass tag (TMT) protein mass spectrometry and bioinformatics analysis show that RAP1 protein might be one of the key proteins involved in the protective effects of GPER1.
Materials and Methods

Ethics statement
The animal experimental protocol complied with the Animal Management Rules of the Chinese Ministry of Health (Document No. 55, 2001 ) and was approved by the Animal Care and Use Committee of Shandong University. Wistar rats were purchased from the Animal Experimental Center of Shandong University. All animals were maintained at the Laboratory of Shandong University.
Reagents
Vehicle, Ang II, G1, G15 (a GPR30 antagonist), MK2206 [a protein kinase B (Akt) inhibitor], and rapamycin (an autophagy inducer) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Antibodies against total and phosphorylated Akt (Akt and p-Akt, Ser473), total and phosphorylated mTOR (mTOR and p-mTOR, Ser2448), total and phosphorylated P70s6k1 (S6K1 and p-S6K1), total and phosphorylated 4EBP1 (4EBP and p-4EBP), LC3I and LC3II, andglyceraldehyde-3-phosphate dehydrogenase (GAPDH) were purchased from Cell Signalling Technology, Inc.
(Danvers, MA, USA).
Neonatal cardiomyocyte isolation and culture
Neonatal cardiomyocytes were isolated from the hearts of 2-to 4-day-old Wistar rats. Briefly, the hearts of neonatal rats were cut into 2-3 mm 3 pieces and digested with type 2 collagenase and trypsin (Gibco-BRL Life Technologies, Rockville, MD) at 37℃ for 10 min. The cell suspension was centrifuged and filtered to remove fibroblasts, and cardiomyocytes were counted and seeded at 5×10 4 cells/cm 2 in 6-well culture plates. Cells were then grown in complete Dulbecco's modified Eagle's medium (DMEM, Invitrogen) supplemented with 10% foetal calf serum, 1% penicillin and streptomycin and maintained in 95% air and 5% CO2 at 37℃. For each experiment, cells were starved for 12 h in DMEM without serum and washed once with phosphate-buffered saline (PBS) before they were used for experiments.
TMT labelling and bioinformatics analysis
Following digestion with 0.1% trypsin, the SDS-PAGE electrophoresis method was used to verify the quality of the samples to meet the requirements of subsequent tests. Protein samples were further enzymatically digested into peptides by FASP (Filter-aided sample preparation) method and peptides were quantified using Nano Drop 2000, and labelled according to the instructions of the Thermo Fisher Scientific TMT labelling kit. Samples were chromatographed and subjected to TMT quantitative proteomic analysis using a Q Exactive Plus (Thermo Fisher Scientific) high-resolution mass spectrometer. Liquid chromatography-mass spectrometry (LC/MS) data were identified and quantified using the Proteome Discoverer (version 2.1) software Suite and MASCOT 2.5 after selecting the key molecules and genes participating in the GPER1-mediated regulation of cardiac hypertrophy with a difference ratio (DR) >1.2 and P<0.05.
Database for annotation, visualization and integrated discovery (DAVID) provides analytic tools for gene ontology (GO) and pathway analyses. Bioinformatics analysis was based on the GO database (www.geneontology.org) and the Kyoto Encyclopedia of Genes and Genomes (KEGG) database.
Cell treatments
Ang II, G1, G15, MK2206 and rapamycin were dissolved in dimethyl sulfoxide (DMSO, SigmaAldrich). Five experiments were performed: (1) The cells were treated with different doses of Ang II (50, 100, and 250 nM) for 24 hours. ( 2) The cells were treated with 100 nM of Ang II and different doses of G1 (10, 100, and 1000 nM) for 24 hours. (3) After 12 hours of culture in serum-free medium, the cells were treated with vehicle, Ang II, Ang II + G1, and Ang II + G1 + G15. (4) The cells were treated with vehicle, Ang II, Ang II + G1, and Ang II + G1 + MK2206. (5) Cells were treated with vehicle, Ang II, Ang II + G1, Ang II + G1 + G15, Ang II + G1 + MK2206, and Ang II + G1 + rapamycin. In experiment 3-5, the following doses of reagents were used: 100 nM of Ang II, 1000 nM of G1, 100 nM of G15, 5 µM of MK2206, and 100 nM of rapamycin. After 24 hours of treatment, the cells were harvested for further analysis including real-time PCR, Western blot and immunofluorescence analysis.
Immunofluorescence analysis and cell surface area measurements
Following treatment, the cells cultured on chamber slides were fixed with ice-cold 100% methanol for 10 min and incubated with a primary antibody against GPER1 (1:1000, Bioss Antibodies, Woburn, MA, USA) overnight at 4℃. The cells were washed with PBS and then incubated with secondary IgG antibodies conjugated to Alexa 488 (1:500, Invitrogen, Carlsbad, CA, USA) for 45 min at room temperature. The nuclei were counterstained with 4',6-diamidino-2-phenylindole (DAPI). Excess antibody was removed by three washes with PBS, and cells were imaged with an Olympus BX51 microscope (Olympus, Tokyo, Japan). The cell surface area was determined using NIH ImageJ software (http:// rsbweb.nih.gov/ij/).
Western blot analysis
The cells were harvested and washed with PBS, and protein was extracted using cell lysis buffer (Beyotime Institute of Biotechnology, China). Equal amounts of protein (50 µg) from each group were separated via 12% sodium dodecyl sulphatepolyacrylamide gel electrophoresis and transferred electrophoretically to polyvinylidene difluoride membranes (Millipore, Billerica, MA) using a wet transfer system (Bio-Rad, Hercules, CA). After being blocked with 5% non-fat milk for 2 h, the membranes were incubated overnight at 4°C with primary antibodies against GAPDH, Akt and p-Akt, mTOR and p-mTOR, S6K1 and p-S6K1, 4EBP and p-4EBP, LC3I and LC3II (1:1000 dilution), followed by three washes with TBST. The membranes were subsequently incubated with secondary antibodies labelled with horseradish peroxidase [8] and visualized via enhanced chemiluminescence (Millipore). Protein levels were detected using an ImageQuant LAS 4000 chemiluminescence reader (GE) and analysed with MCID software (Imaging Research, Inc., Ontario, Canada).
Real-time quantitative PCR (RT-qPCR)
RT-qPCR was used to measure the mRNA levels of atrial natriuretic factor (ANF) and brain natriuretic peptide (BNP), which are biomarkers of cardiac hypertrophy, as well as GPER1 in the cells using a SYBR Green PCR kit (Qiagen, Inc., Valencia, California, USA), according to the manufacturer's protocol. The following primers were used for real-time PCR: 5'-CGT ATA CAG TGC GGT GTC CA-3' and 5'-GGT TGA CTT CCC CAG TCC AG-3' for ANF; 5'-AGC TGC TGG AGC TGA TAA GAG-3' and 5'-CTG CCC AAA GCA GCT TGA AC-3' for BNP; 5'-CCA TCA TCG GCC TGT GCT AT-3', and 5'-GAA GAC AAG GAC CAC TGC GA-3' for GPER1; and 5'-AAG AAG GTG GTG AAG CAG GC-3' and 5'-TCC ACC ACC CTG TTG CTG TA-3' for GAPDH. Amplification and detection were performed with the ABI7500 Sequence Detection System (Applied Biosystems, Foster City, CA). The final real-time PCR analysis results are presented as the ratio of the mRNA of interest to that of GAPDH, which was used as an internal control. The relative mRNA levels were calculated using the 2 -△△Ct method.
Statistical analysis
The statistical analysis was performed using SPSS version 16.0 (SPSS, Inc., Chicago, IL, USA). The results are expressed as the mean ± SEM. Statistical significance was determined by one-way ANOVA, followed by Tukey post hoc tests. A value of P<0.05 was considered statistically significant.
Results
Ang II-induced cardiomyocyte hypertrophy
Cardiomyocyte hypertrophy was determined by both the cell surface area and the mRNA expression levels of ANF and BNP, biomarkers for cardiomyocyte hypertrophy. As shown in Figure S1 , the average cell surface area with the vehicle treatment was 1344±203 μm 2 , while Ang II treatment at a dose of 50 nmol/L, 100 nmol/L, and 250 nmol/L increased the cell surface area to 1657±169 μm 2 , 2603±382 μm 2 , and 3350±413 μm 2 , respectively, (P<0.05 vs vehicle). The real-time PCR results demonstrated that Ang II treatment significantly increased the mRNA expression of ANF and BNP in a concentrationdependent manner ( Figure S1 ). An Ang II dose of 100 nmol/L was selected for the treatment condition in subsequent experiments.
GPER1 expression in cardiomyocytes
The expression of GPER1 in cardiomyocytes was detected by immunofluorescence staining, Western blot, and RT-qPCR. As shown in Figure 1 , the immunofluorescence, Western blot and PCR analyses revealed that GPER1 was expressed in neonatal rat cardiomyocytes. Moreover, Ang II treatment increased the expression of GPER1, while treatment with G1 or G15 had no effect on the expression of GPER1 ( Figure 1 ).
GPER1 activation attenuates Ang II-induced cardiomyocyte hypertrophy
To determine whether GPER1 activation has an effect on Ang II-induced hypertrophy in neonatal cardiomyocytes, we treated cells with different concentrations of G1 (10 nmol/L, 100 nmol/L, and 1000 nmol/L). Compared with the vehicle, Ang II significantly increased the mRNA expression of ANF and BNP by more than three times (P<0.05), while G1 treatment attenuated these increases in a dose-dependent manner ( Figure 2A ). A total of 1000 nmol/L of G1 was used in the following experiments. The effects of G1 on the Ang II-induced increases in ANF and BNP were blocked by co-treatment with G15, a GPER1 antagonist ( Figure 2B -C). 
Protein mass spectrometry results from cardiomyocytes
In this study, 7330 proteins and 62155 peptides were detected in cardiomyocytes treated with vehicle, Ang II alone, and Ang II + G1. Compared to the vehicle, Ang II significantly increased the expression of 52 proteins and decreased the expression of 1 protein (Table 1) . Compared with the Ang II group, there were 24 upregulated proteins and 12 downregulated proteins in the Ang II + G1 group (Table 2, Figure 3A -B). By analysing the annotation of protein function, we found that there were five key proteins that were regulated by Ang II and inhibited by G1. These five proteins were Fam120b, RGD1562310, Ctrb1, RAP1gap and Pag1 ( Figure 3C and Figure S2 ).
The expression of RAP1gap protein, a GTPase-activating protein (GAP) for Rap1, was more than nine times higher in the Ang II group than the control group, and this increase was inhibited by G1 treatment (P<0.05). We hypothesized that the effects of GPER1 on hypertrophic cardiomyocytes may be mediated by its downregulation of the RAP1gap gene. It has been reported that RAP1gap is involved in activation of the PI3K-Akt signalling pathway [9] . Therefore, the following experiments were performed to determine the role played by PI3K-Akt-mTOR signalling in the protective effects of GPER1 in cardiomyocytes with Ang II stimulation. 
Gene ontology (GO) and Pathway analysis
GO analysis, including biology process, molecular function, and cellular component analysis, were performed in Ang II-stimulated cardiomyocytes treated with vehicle or G1. Results from Biology Process analysis showed that G1 treatment mainly affected genes related to cellular process, singleorganism process, single-organism cellular process, biological regulation, and organic substance metabolic process. According to molecular function analysis, G1 mainly affected protein binding-related genes. Cellular component analysis showed that G1 decreased gene expressions that are related to intracellular part, organelle, and cytoplasm component (Table S1 ).
As shown in Table S2 , we have also performed KEGG Pathway analysis and found that the main signal pathways that G1 affected in cardiomyocytes were the following: pathways in cancer pathogenesis, PI3K-Akt signaling pathway, Alzheimer's disease, Huntington's disease, focal adhesion, carbon metabolism, non-alcoholic fatty liver disease (NAFLD), oxidative phosphorylation, and necroptosis. All the related signal pathways were activated by G1 treatment.
G1 activates PI3K-Akt-mTOR signalling in cardiomyocytes
To further investigate the mechanisms by which the activation of GPER1 protects cardiomyocytes against stress caused by Ang II, Western blot was used to detect the potential signalling pathways involved. As shown in Figure 4 , in cardiomyocytes, the protein expression levels of p-mTOR, p-Akt and p-S6K1 were significantly increased by Ang II, and these increases were further enhanced by G1 treatment. Ang II also increased p-4EBP, which was inhibited by G1. All of these effects of G1 were blocked by G15 treatment (Figure 4) . To study the time course of Akt activation by G1, cells were treated with G1 for 0 min, 15 min, 30 min, 1 h, 2 h, 4 h, and 8 h. As shown in Figure 4E , G1 induced Akt phosphorylation at the highest level after 30 min of treatment. The Akt pathway is involved in GPER1-mediated anti-cardiomyocyte hypertrophy
The Akt-specific blocker MK2206 was used in this study to determine the involvement of the Akt pathway in the protective effects of GPER1 in cardiomyocytes with Ang II-induced stress. The PCR results show that MK2206 treatment inhibited the G1-induced decreases in ANF and BNP mRNA in hypertrophic cardiomyocytes stimulated by Ang II (Figure 5A-B) . Moreover, Figure 5C shows that Akt inhibition by MK2206 blocked the G1-induced phosphorylation of Akt, mTOR, and S6K1 proteins.
Involvement of cell autophagy in GPER1-mediated anti-cardiomyocyte hypertrophy
The LC3II/LC3I ratio was measured by Western blot to examine the autophagy activity in cardiomyocytes [10, 11] . As shown in Figure 6 , LC3II/LC3I increased with Ang II stimulation, and this increase was inhibited by G1 treatment. However, the effect of G1 on LC3II/LC3I was attenuated by G15, MK2206, and an autophagy inducer, rapamycin ( Figure 6 ).
Discussion
Endogenous estrogen plays an important role in the regulation of cardiovascular homeostasis in premenopausal women [12, 13] , delaying the development of hypertension, coronary artery disease, cardiac hypertrophy, and heart failure compared to age-matched men. However, large randomized controlled clinical trials (WHI and HERS estrogen replacement trials) have not shown clear evidence of the cardioprotection of estrogen replacement therapy in postmenopausal women [14] [15] [16] . Moreover, chronic estrogen therapy increases the risk of cancer in the female reproductive system [12] . Therefore, it is critical to further investigate the mechanism of action of estrogen in the heart, especially the roles played by estrogen receptors, to generate more specific therapies with fewer side effects. The discovery of GPER1, which is expressed in various tissues, including the cardiac tissue, has opened a new door in this field of research. Previous studies have shown that the activation of GPER1 by its specific agonist, G1, protects the heart in both rat and mouse models with different stressors [17] . G1 was developed as a selective agonist of GPER to distinguish the estrogen effects mediated by GPER from those mediated by classic nuclear estrogen receptors (ERα and ERβ). The original report showed that G1 was able to bind to GPER with high-affinity and did not bind to classic nuclear ERs and other 25 examined G-protein coupled receptors [18] . Since its first report in 2006, G1 has been wildly used to investigate the functions of GPER in various tissues and organs [19] . In the present study, we demonstrated that GPER1 activation by G1 protects cardiomyocytes against Ang II stimulation by regulating the Akt-mediated pathway and subsequently inhibiting autophagy.
By immunofluorescence staining, Western blot, and PCR, we demonstrated that GPER1 is expressed in neonatal rat cardiomyocytes. Moreover, Ang II increased GPER1 expression. While the mechanisms of increased GPER1 expression by Ang II are not clear, this result is consistent with the findings of De Francesco and colleagues showing that GPER1 expression is higher in the heart of spontaneously hypertensive rats (SHRs) versus control Wistar Kyoto (WKY) rats [20] . It has been demonstrated that GPER1 is located in the cell membrane and functions as an estrogen receptor [21, 22] . However, its subcellular locations, including the plasma membrane [23, 24] , endoplasmic reticulum [25] [26] [27] , and nuclei, remain controversial. Revankar's study showed that GPER1 on the endoplasmic reticulum may be involved in rapid intracellular non-genomic calcium mobilization by estrogen [25] .
In vivo studies have demonstrated that the activation of GPER1 protects the heart from remodelling and heart failure against various stressors, such as Ang II stimulation, myocardial I/R injury, pressure overload, estrogen loss, and ageing [28] . However, the direct effects of GPER1 and the mechanisms of action in cardiomyocytes are still unclear. By measuring the cell surface area and biomarkers of hypertrophy, our study demonstrates that the activation of GPER1 has direct protective effects on cardiomyocytes against Ang II stimulation. In addition to cardiomyocytes, GPER1 has also been shown to have favourable effects on coronary artery smooth muscle cells (CASMCs) and endothelial cells against cardiac remodelling and heart failure [29] [30] [31] [32] [33] [34] . It appears that GPER1 protects the heart against various stressors through different cell types in the heart.
To further investigate the mechanisms of the protective effect of GPER1 against Ang II-induced hypertrophy in cardiomyocytes, we performed TMT protein mass spectrometry to analyse the protein expression patterns in cells treated with the vehicle, Ang II, and Ang II + G1. Five key proteins, including RAP1gap, potentially related to GPER1's functions were found. RAP1gap is an important member of the small GTPase family in the Ras superfamily and is activated by different extracellular stimuli in various cell types. RAP1gap belongs to a family of proteins with gap function specific for RAP1/2, which also includes RAP1gap2, SPA and E6TP1 [35, 36] . GPER1 has also been reported to affect the Rap1 gene by regulating RAP1gap and subsequently activating the RhoA/Rho-kinase pathway, which is involved in protection against coronary artery disease [37] . Yu et al. [37] tested the effect of GPER activation on Rap1 activity in porcine CASMCs and observed that G1 markedly increased Rap1 activity; Rap1 siRNA transfection significantly inhibited G1-induced phosphorylation of RhoA at serine 188, further suggesting the role of Rap1 in GPER-mediated signaling. However, future studies are needed to determine the involvement of Rap1gap in the cardioprotective effects of GPER1 in animal models.
Cardiac hypertrophy is associated with activation of the Akt/mTOR signalling pathway. In our study, we found that G1 treatment activated the Akt-mediated signalling pathway, which is believed to be associated with cardiomyocyte growth, hypertrophy and survival. This finding regarding the regulation of Akt signaling pathway by GPER1 is consistent with other report in human periodontal ligament cells [38, 39] . mTOR is an important protein molecule downstream from Akt-mediated signalling. It is an atypical serine/threonine protein kinase that affects gene transcription and protein translation and participates in the regulation of cell growth, proliferation and other processes. mTOR is involved in protein synthesis, immunity, cell migration and metabolism, apoptosis and autophagy [40] . Many pathways that mediate protein turnover depend on mTOR. Specifically, Akt/mTOR signalling is essential for the regulation of autophagy [41] [42] [43] . In the cardiovascular system, mTOR is believed to be an important negative regulator of autophagy [44] . Cardiac autophagy plays an important role in maintaining cell homeostasis, which at the basal level protects cells against various stimuli. However, excessive autophagy can cause autophagic cell death and accelerate the progression of heart disease [45] . Despite controversial conclusions about the effect of autophagy on hypertrophy, autophagy serves dual functions, and whether it acts adaptively or maladaptively depends on the degree of autophagy activation and the stage and severity of different diseases [46] . As shown in Figures 4 and 5 , compared to Ang II treatment, the protein expression levels of p-mTOR, p-Akt and p-S6K1 were significantly increased by Ang II + G1 treatment. However, as shown in Figure 6 , a significantly higher LC3II/LC3I ratio was observed in the Ang II group, and this increase was attenuated by G1. Moreover, rapamycin, G15 and MK2206 induced autophagy in cardiomyocytes. Our findings are supported by previous studies showing that G15 down-regulated the expression of Akt, cell cycle-associated and mitogenactivated protein kinases, and increased LC3B-II and autophagosome accumulation in human oral squamous carcinoma cells [47] . In mouse osteoblasts, 17β-estradiol treatment also increases GPR30 expression and enhances mitochondrial autophagy through the GPR30 and ERK1/2 signaling pathways [48] . These findings suggest that excessive autophagy might mediate Ang II-induced cardiomyocyte hypertrophy, and G1-activated GPER1 attenuates Ang II-induced cardiomyocyte hypertrophy possibly by inhibiting autophagy via PI3K-Akt-mTOR signalling pathway up-regulation. 
Limitations and future studies
Ang II-induced hypertrophy in neonatal cardiomyocyte has been commonly used as an in vitro model to study the mechanisms of cardiomyocyte hypertrophy [49] [50] [51] . However, the results from Ang II-induced hypertrophy in neonatal cardiomyocyte can be affected by the contamination of cardiac fibroblasts. Gray et al. [52] reported that Ang II stimulates myocyte hypertrophy might be due to the paracrine release of TGF-β1 and endothelin-1 from cardiac fibroblasts in a neonatal rat cell culture model. Future studies using adult cardiomyocytes are needed to confirm our findings in neonatal cardiomyocytes. We also realized another limitation of this study regarding the autophagy analysis. Cell autophagy was examined only by the method of Western blot, other methods, such as using electron microscopy, are planned in our future studies.
Conclusions
In summary, this study found that GPER1 activation attenuated Ang II-induced cardiomyocyte hypertrophy. This protective effect of GPER1 might be due to the upregulation of the PI3K-Akt-mTOR signalling pathway and the inhibition of autophagy in cardiomyocytes. Although numerous studies have demonstrated that GPER1 protects the heart from various stressors, the exact mechanism remains unclear. To our knowledge, there is no clinical study yet whether cardiac autophagy is involved in the development of postmenopausal heart diseases. The present study on the molecular mechanisms of GPER1 in cardiomyocytes improves our understanding of how estrogen protects the heart and provides potential pharmaceutical approaches targeting this new estrogen receptor-mediated pathway and cardiac autophagy.
